IN 1895 as a result of examining dissecting room specimens Pfitzner described a pathological condition of the carpal lunate bone which he considered due to an old fracture. Later the introduction of X-rays resulted in abnormal appearances of the lunate bone being described by various authors, but it was not until 1910 that Kienbock published the first clinical description of the symptomatology and radiological appearances of the disease which bears his name. Since then the names lunatomalacia, osteochondritis and others have been applied.
(Exveter) IN 1895 as a result of examining dissecting room specimens Pfitzner described a pathological condition of the carpal lunate bone which he considered due to an old fracture. Later the introduction of X-rays resulted in abnormal appearances of the lunate bone being described by various authors, but it was not until 1910 that Kienbock published the first clinical description of the symptomatology and radiological appearances of the disease which bears his name. Since then the names lunatomalacia, osteochondritis and others have been applied.
Briefly, the condition is one affecting young adults who are manual workers, men rather than women, the right or working hand rather than the left and is described as progressing through three stages:
(1) The onset which often follows a slight injury and resembles a sprain in that there is slight pain lasting a few weeks.
(2) A period free from symptoms lasting some months (some additional injury at this time may cause the abnormality to be discovered).
(3) A period of active disease with symptoms continuing for years and terminating in marked osteoarthritis of the wrist-joint.
The etiology of this so-called disease has given rise to much speculation. As the disease is relatively rare, most investigators have had few cases on which to base their impressions. Also the number of early cases detected is extremely small, the symptoms being so slight that the disease is seldom recognized at the onset. For these reasons it has not been possible to trace the course of the process from beginning to end in many cases. (In Stahl's series (1947) there were only 4 early cases out of 184 investigated and 3 further early cases will be described later.) There is consequently a spate of theories ofcausation, but information about the intermediate stages of the disease is still lacking.
The fact that the lunate bone is almost the only bone of the wrist to be affected by this process suggests an explanation based upon its peculiar anatomy. The blood supply in particular is important.
The lunate bone has the greater part of its surface covered by articular cartilage. There are only two small areas on the anterior and posterior surfaces which have a periosteal covering through which blood vessels can reach the interior. According to all investigators the main blood supply is through the anterior carpal ligament and there are usually two to four blood vessels but sometimes only one. The posterior blood supply is said to be less efficient. This concentration of the blood supply renders it more vulnerable to trauma. James Patrick of Glasgow in a personal communication has made a very interesting observation in this connexion. A young woman aged 22 had an old Erb's paralysis with a severepalmar flexion contracture of the wrist. As a first-stage operation, before arthrodesis, a capsulotomy of the anterior ligaments of the wrist was performed, care being taken to isolate the anterior pole of the lunate from all its attachments. Two months later, a radiograph showed well-established avascular necrosis of the lunate bone. After two further months, the appearance of the bone had returned to normal. An arthrodesis of the wrist was carried out six months from the time of the original operation and the lunate bone then looked normal.
It would appear, therefore, that the dorsal blood supply although small is capable of enlarging to supply the needs of the bone.
An interesting fact is that avascular necrosis is infrequent after dislocation of the lunate, though more frequent after open reduction, even through the posterior route. However, as operation is usually done for a dislocation of the bone that is difficult to reduce or for one that is no longer recent, it may be that the anterior vessels are stretched and distorted or torn to a greater extent in such cases than after a simple manipulative reduction. Brailsford states that the appearance of fragmentation and crushing seen in the third stage of Kienbock's disease does not occur after dislocation, when the bone is more likely to become relatively denser and show evidence of avascular necrosis. Probably the reason for this is that the blood supply of the bone is cut off completely and permanently.
Another anatomical feature which may be of some importance is the variable relative lengths of the lower ends of the radius and ulna, first described by Muller (1920 Section of Orthopcedics bone upon the corner of the radius-the triangular cartilage being softer and more compressible than bone. The movements of dorsiflexion and palmar flexion of the hand take place at the wristjoint and mid-carpal joint. When the hand is dorsiflexed to 90 degrees, the lunate bone rotates only about 30 degrees. This movement stretches the anterior carpal ligament and it is possible that forcing will stretch the vessels reaching the lunate bone over its rather prominent anterior surface and may injure them and cause thrombosis.
There are four main schools of thought on the etiology of this condition. Three of them regard trauma as the primary cause.
(1) Kienbock himself assumed that a fall on the wrist tore the ligaments and vessels with consequent disturbance of the nutrition of the bone which later became fractured. There is often a history of injury but the trauma may be slight and in some cases no history of injury can be obtained.
(2) Muller's theory is that a single blow or repeated slight trauma during work will cause softening processes which develop into the typical picture of Kienbock's disease. An explanation of the initial changes, however, was not put forward.
(3) The fracture theory is the oldest and has as its most recent champion Stahl of Lund (1947) . According to this theory, a compression fracture of the lunate bone is the primary cause. Stahl believes that the typical changes of fragmentation and sclerosis in the X-ray appearances are stages in the progress of a non-healing compression fracture in the presence of a deficient circulation. He has recognized early compression fracture of the lunate bone in 4 cases. In some of them, this is difficult to see and is not convincing. (4) The last theory is that of Axhausen who assumes (because often a history of trauma is lacking) that complete necrosis of the bone takes place as a result of embolism of the vessels, but he did not state the origin of the embolus.
The following 3 cases of Kienbock's disease were diagnosed early and 2 have been followed up closely for three years.
Case I.-A right-handed boy, aged 16, a carpenter's apprentice, fell off a carpenter's stool and injured his left wrist. He attended hospital at once and an X-ray was taken which apparently showed no abnormality. Seven weeks later, a further X-ray was taken, as he was still experiencing pain in the affected wrist and there was slightly limited movement. This showed increased density of the carpal lunate bone. Reinspection of the original films showed nothing except perhaps slight diminution in the longitudinal diameter of the lunate bone in the lateral view. The wrist was at once immobilized in a plaster cast in the position of function. This was retained for six months. The wrist was X-rayed at intervals throughout the period of immobilization. The lunate bone was found to undergo the same changes which avascular necrosis shows in other bones-first apparent fragmentation and then revascularization. The X-ray taken when plaster was discarded showed almost normal bone texture (Fig. 4) , but the vertical diameter of the bone was diminished and the transverse diameter slightly increased. Physiotherapy was now commenced and he retumed to work one month after removal of the plaster. At this time, the range of dorsiflexion of the wrist was full, but palmar flexion was a little restricted. Shortly afterwards he was called up into the R.A.F. for National Service and recently he has joined the regulars. He has noticed no disability in the wrist. On recent examination, three years since the onset of symptoms, his wrist was found to be normal. An X-ray shows slightly altered shape, but normal bone texture (Fig. 5 ). 
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Proceedings of the Royal Society of Medicine 52 Case II. A left-handed probationer nurse, aged 18, complained of pain of recent origin in her right wrist which was diagnosed as tenosynovitis. The wrist was immobilized in plaster for three weeks and then wax baths and active movements were instituted. No trouble was experienced for three months, but the pain recurred and the movements of dorsiflexion and palmar flexion were found to be restricted. An X-ray was taken which was passed as normal. A manipulation of the wrist was carried out under gas anxsthesia and full movement was obtained. This was followed by physiotherapy, but little progress was made. Seven weeks after the manipulation, a further X-ray was taken. This showed definite changes of avascular necrosis. Re-examination of the X-ray taken before the manipulation showed a definite compression fracture of the lunate bone. The patient could not remember any injury which might have produced the fracture. A plaster cast was applied to the wrist in the position of function and this was retained for six months. X-rays at intervals showed fragmentation of the lunate bone but revascularization did not occur completely. The bone showed the typical narrowing of the longitudinal diameter and increase of the transverse diameter. When splintage was discontinued, physiotherapy commenced. One year later the patient entered a physiotherapy school as a student. Three years after the initial symptoms, she writes that she can do her work without any trouble, but has restricted dorsiflexion of the wrist and is unable to stand on her hands. A recent picture shows changes typical of established Kienbock's disease (Fig. 9 ).
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Section of Orthopcedics 487 Case III.-A Pole, aged 30, right-handed and a farm-worker, attended the Outpatient Department with a painful right wrist-joint, which he had experienced for more than one month. The pain started after he had been using a hedging hook forcibly, but he did not remember a definite injury. On examination, the dorsum of the wrist was a little swollen and the movements of dorsiflexion and palmar flexion were restricted by pain. An X-ray showed there was also increased density of the lunate bone, and some irregularity and narrowing of the longitudinal diameter, suggestive of a compression fracture. A plaster cast was applied for one month and then removed for X-ray examination. This showed definite avascular necrosis of the lunate bone. This case is still under treatment in plaster and further X-rays leave no doubt about the diagnosis (Fig. 11) . As a result of my experience with these cases, I believe that Kienbock's disease is the result of trauma which cuts off the blood supply to the lunate bone and produces avascular necrosis with all its sequelk. This may be caused by a compression fracture which appears to be relatively common or by direct injury to the vessels. Compression of the bone due to muscle pull may occur when the bone is soft. During the stage of reorganization, unless the wrist is immobilized, complete substitution of the bone is impossible, because of deficient circulation, and the typical picture of Kienbock's disease is seen.
Thus, Kienbbck's original theory of causation is partly true, but he considered that the compression fracture was secondary to the softening processes. The changes cannot be explained in every case, as Stahl states, on the basis of decalcification and sclerosis in a 488 Proceedings of the Royal Society of Medicine 54 non-healing compression fracture, for all 3 cases here described showed avascular necrosis of the whole bone in the early stages. Plaster immobilization was successful in the treatment of the first case and partly so in the second. The immobilization must be continued for a minimum of six months until revascularization has occurred or the X-ray appearances remain static. Plaster has a place in the treatment of the early case of Kienbock's disease, but there can be no virtue in placing the established case in plaster as Stahl states, except perhaps to relieve the symptoms of recent injury, and certainly immobilization should not be continued for as long a period as four years, which Brailsford advocates (1944) . He complains that he has been unable to get a surgeon to comply with this form of treatment which is not very surprising. Careful excision of the lunate bone in the established case with symptoms advocated by Mouat, Wilkie and Harding (1932) is probably the best form of treatment, as was pointed out by Dornan (1949) recentlv. Watson-Jones (1940) has insisted that the diagnosis of a simple sprain of the wrist must be accepted with considerable caution and that the diagnosis is no more than provisional until the X-ray examination has been repeated after an interval of two weeks. Unless these precautions are taken, crack fractures of the scaphoid will be overlooked and serious disability may arise in later years. This view is now universally endorsed, but in the differential diagnosis of the sprained wrist early Kienbdck's disease must be considered in addition to fractures of the scaphoid. Greater care should be taken in looking for compression fracture of the lunate bone and an additional X-ray examination at the end of six to eight weeks from the onset of symptoms, if they persist, might bring to light the relatively increased density of avascular necrosis, the forerunner of Kienb6ck's disease. This can always be seen, but the compression fracture is not so apparent.
SUMMARY
Three early cases of Kienbock's disease of the carpal lunate bone are described. The author regards the lesion as one of avascular necrosis which may be caused either by compression fracture or by direct injury to blood vessels supplying the bone.
Plaster immobilization if carried out early results in restitution of normal bone texture.
I am indebted to Mr. Arthur Reaney, radiographer at the Princess Elizabeth Orthopxdic Hospital, Exeter, for the excellent radiographs and reproductions.
